Abstract. Humidity and temperature data from the Measurement of Ozone by Airbus in-service Aircraft (MOZAIC) project have been used to produce maps of probability for ice supersaturation in two 50 hPa thick layers centered around 200 and 250 hPa. As the MOZAIC data cover only international air routes, the resulting maps cover mainly the northern midlatitudes. The data of ice supersaturation have then been correlated with data of frequency of occurrence of subvisible cirrus from the Stratospheric Aerosol and Gas Experiment (SAGE II) satellite instrument. The correlation analysis provided strong indications that subvisible cirrus (SVC) is associated to ice-supersaturated regions (ISSRs), although processes are possible that can decouple SVC from ISSRs. A first trial to derive a global picture of ice supersaturation near the tropopause was performed using a measure of cirrus fractional coverage constructed from meteorological analyses of European Centre for Medium-Range Weather Forecasts and to correlate this with the supersaturation data. The correlation was only moderate (although significant), leading to the tentative conjecture that regions of frequent ice supersaturation are to be expected over the Indonesian archipelago, over the Amazonas basin, and over the northern Pacific between Japan and Canada. A final correlation analysis between the meteorological analysis data and the SVC data indicated that the formation of SVC is generally thermodynamically controlled, with the exception of the northern midlatitude SVC. The composition of the aerosol at the northern midlatitude tropopause is probably variable due to industrial emissions and air traffic. Hence the freezing properties of these particles may become important, which results in a weaker thermodynamic control of SVC formation in the northern midlatitudes.
Aircraft condensation trails (contrails) can form and persist at supersaturations too low to support cirrus nucleation since the water vapor released from the aircraft engines mixes with the ambient air in a way that can lead in the aircraft wake temporarily to huge supersaturation, thereby allowing nucleation [Schumann, 1996] . ]. Gierens et al. [1999] found that 13.5% of these data implied ice supersaturation. The mean supersaturation in such moist regions is 15%, whereas the mean critical relative humidity for cirrus formation according to Heymsfield et al. [1998] , (see above) and for the mean temperatures of such regions turned out to imply an ice supersaturation of about 30%. This finding explains that ice-supersaturated regions are often not recognizable from ground, since they appear in clear air, unless air traffic marks them with persistent contrails. The degree of supersaturation in these moist regions obeys a simple probabilistic distribution law, it is exponentially distributed, which implies that small supersaturation is much more probable than a large one . This is consistent with empirical statistics of contrail types found by $ussmann and Gierens [1999] .
In the present paper we will evaluate the MOZAIC data further, in order to determine the spatial distribution of ice supersaturation in the upper troposphere. In section 2 we will present maps of the relative frequency (or probability) of ice supersaturation for two pressure ranges. In section 3.1 we will study the relation between ice-supersaturated regions (ISSRs) and subvisible cirrus (SVC [Helten et al., 1998 . Relative humidities with respect to ice can be computed from the measured relative humidity with respect to liquid water almost without introducing an additional error due to temperature uncertainties because the ratio of the two saturation water vapor partial pressures varies only weakly with temperature (e.g., between -60øC and -61øC by 0.5% which is much smaller than the uncertainty of the humidity measurement itself). In order to simplify data evaluation we devise a binary quantity IC that obtains the value 1 when there is ice supersaturation and zero otherwise.
We want to compute from the MOZAIC data a map showing the probability of ice supersaturation as a function of longitude, latitude, and altitude. We proceed in the following way: we consider each flight separately. If a flight was for 8 or more minutes in a certain grid cell (which implies that the distance flown in this cell was 100 km or longer), the measurements in this grid cell are stored for later averaging. Measurements in grid cells with less than 8 rain flight time are discarded from the further evaluation since we do not consider a flight distance of less than 100 km in a 300 x 300 km 2 cell representative. Next we take the set of grid cells that remain after the previous step and discard all grid cells that have not been met by at least 30 flights during the 3 year period (1995) (1996) (1997) When we consider all validity tag I and 2 (i.e., RH less than detection threshold of 5%) MOZAIC humidity data (i.e., not only those data that were used for construction of the maps), we find only a weak seasonal variation of the probability for ice supersaturation between 12.2% in spring and 15. Finally, we want to study whether the distribution of SVC in the upper troposphere and lowermost stratosphere is controlled by thermodynamics or whether the presence of suitable ice nuclei is a confining factor. We saw already above (section 3.1) that SVC and ice supersaturation are probably associated, which is an argument for the dominant role of thermodynamics in SVC formation. However, the variation in the composition of the atmospheric aerosol that allows nucleation of SVC ice crystals may contribute to the scatter of data points in Figure 1 . Furthermore, the data about ice supersaturation are confined to mainly the northern midlatitudes 
Summary and Conclusions
In Is SVC really a transient phenomenon? Although SVC is, by definition, invisible looking vertically from the ground, it is a widespread, ubiquitous, and frequent scatterer of radiation in the coldest part of the lower atmosphere, and may thus have a significant influence on the energy balance of the globe, hence on climate. It should receive a high research priority, and the questions formulated above should be addressed in experimental flight campaigns in combination with evaluation of satellite data sets and microphysical simulations.
